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Table B.1 .
Total Factor Productivity Growth
PERIOD GROWTH RATE
US INDUSTRY
BLS: 1948-1992 1.3%
APC: 1948-1987 1.7%
JGF: 1948-1979 0.8%
LRC(2): 1952-1987 1.2%
COMMUNICATIONS
INDUSTRY
APC: 1948-1987 4.0%
AT&T: 1947-79 3.2%
LRC(1): 1947-1979 3.2%
LRC(2): 1951-1987 3.2%
RWC: 1960-1987 3.4%
JGF: 1948-1979 2.9%
LRC(3): 1984-1992 2.6%

M
&)

3]
)
()
{6)

o)

(8}

BLS: Burcau of Labor Statistics, Multiproduct TFP Growth, U.S. Private Business,
APC: American Productivity Center, Mulliproduct TFP Growth, U.S. Privaic Business, Communications

Industry. .
JGF: Dale W. Jorgenson, F. M. Gollup, and B.. M, Fraumeni, Productiviry and U.S. Economic Growth

{Cambridge: Harvard University Press, 1987).
LRC(1): L. R. Chrisicnsen, Testimony filed in United States v, ATAT. Civ. Action No. 74-1698 (D.D.C. filed

Navember 20, 1974),

AT&T: _Bcll Systemn Productivity Stwdy: 19471979 (September, 1980).

LRCQ): L. R, Chrisicnsen, “Tota! Productivity Growth in the U.S. Telecommunications Industry and the U.S.
Economy: 1951-1987, filcd in Nonh Dakota Public Service Commission Case No. PU-2320-90-149 (Octoder
i, 1990},

RWC: R. W. Crandall and J. Galst, “ Productivity Growth in the U.S. Telccommunications Scctor: The Impact
of the AT&T Divestiture,” The Brookings Institution (July, 1990).

LRC(3): 1. R. Christensen, Philip E. Schocch, and Mark Mcitzen, ~Productivity of The Local Operating
Tclephone Companies Subject 10 Price Cap Regulation™ Filed as Auachment 6 behalf of USTA in CC Docket

94.1 (May 3. 1994),
Nenia

LfNPPTe 3 S N




/\

Exhibit B
Page 13 0f 23
William E. Taylor
December 13, 1994

Table B.2
TFP Differential
U.S. Industry and Telecommunications

GROWTH RATE

DIFFERENTIAL
1947-76: Nadiri-Schankerman (!} 2.1%
1948-79: JGF @ 2.1%
1948-79: LRC(1) @ 1.6%
1948-79: AT&T ™ 2.0%
1948-87: APC 2.3%
1951-87: LRC(2) - 1.9%
1960-87: RWC 2.2%
1963-91: DRI 2.8%
1934-1992: LRC(3) 2.3% |

14y

)

Q)

(4}

(3}

(6}

M. 1. Nadiri and M. Schankerman, “The Struciure of Production, Technological Change, and the Ratc of
Growth of Total Factor Productivity in the U.S, Bell System.” in Productivity Measurement in Regulate
Induwstries. T. Cowing and R. Stevenson, eds. (New York: Academic Press, 1981). :

D. W, Jorgenson, ~Productivity and Postwar U.S. Economic Growth,” The Journal of Economic Perspectives
(a1, 1988), citing D. W, Jorgenson, F. M. Gollup, and B. M. Fraumeni, Productivity and U.S. Ecoromic

Growth (Cambridge: Harvard University Press, 1987).

L. R, Christensen, Testimony filed in United Stafes v, AT&T, Civ. Action No. 74-1698 (D.D.C. filed
November 20, 1974) comparing unpublished estimates of national TFP growth with cited Bell System

productlivity growth estimates.

AT&T: Bell Sysiem Productivity Study: 1947-1979 (Scptember, 1980), comparing unpublished estimaics of

national TFP growth with cited Bell Sysiem productivity growth estimates.

DRI/NMcGraw-Hill, Penncylvania Telecommunications Inflrastructure Study, Volume V (March 1993).

LRC(3): L. R. Chrisicnsen, Philip E. Schocch, and Mark Meitzen, “Productivity of the Local Operating
Telephone Companies Subject 1o Price Cap Regulation,” filed 23 Attachment 6 on behalf of USTA in CC

Dixcket 94-1 (May 3, 1994).
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Table B3
Productivity Differentials
Based on Output Price Changes

CPI-U- CPI-TELEPHONE AVERAGE ANNUAL GROWTH
1935-1985 1.95%
1975-1985 2.64%
1937-1987 @ 1.8%
1977-1987 @ 2.0%
1942-1993 2.0%
1982-1993 1.5%
1959-1993 © 2.4%
1929-1993 1.6%
1946-1993 © | 8%
GNP-PI-CPI-TELEPHONE

1959-1593 1.7%
1982-1993 @ 1.5%

m

@

3

<)

)

%)

J. L. Lande and P. L. Wynns, “Primer and Sourccbook on Telephone Price Indexcs and Rate Levels,” Industry
Amalysis Division, Common Carrics Bureau, Federa] Communications Commission (April, 1987).

*Ttends in Telephone Service,” Industry Analysis Division, Common Carricr Burcau, Federal Communications
Commission (August 1, 1988). -

This period, for comparison purposcs, matches the périod for the first GNP-PJ diffcrential below,

Data from FCC. Supplemeptal Notics of Proposed Rulemakine, CC Docket 87-313 (March 12, 1990). Appendix
D: T. Spavins and J. Lande, “Tola} Telephone Produciivity in the Pre and Post-Divestiture Periods,” vpdated
through 1993, The origina! study found differentials of 1,7% for 1929-1989 and 2.0% for 1946-1989,

The longest period for which GNP-PI dawa is available.,

Compare with CPL-U number over the same period above,

- ne ... ...
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Figure B.1

U.S. TFP 10 Year Moving Average
Generally Varies Between 1 and 3 Percent

Exhibit B
Page 150f 23

William E. Taylor
December 13, 1994

. . | [ . ) . ! t ]
1958 1862 1986 1870 1974 1978 1982 1886 1390
BLS APC JGF LRC(2) AVERAGE




Figure B2

. Exhibit B
Page 16 0f 23
William E. Taylor
December 13,1994

Telecommunications TFP 10 Year Moving Average
Generally Varies Belween 2 and 5 Percent
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Figure B3
Telecom TFP 10 Year Moving Average Minus
U.S. TFP 10 Year Moving Average Varies Between 1 and 3 Percent
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Figure B4
Long Run Annual Productivity Offset
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Figure B.5
Long Run Productivity Offset
GNP-PI - CPI-U Total Telephone
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Figure B.6
Long Run Productivity Offsets
for Local Telephone Companies
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Figure B.7
U.S. Private Business TFP Growth
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Figure B.9
Differcnces in Annual TFP Growth
Telecommunications - US. Private Business
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Figure B.8 .
Telecommunications Industry TFP Growth
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Figure B.9
Differcnces in Annual TFP Growth
Telecommunications - U.S. Private Business
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is about 3 years.! For statistical purposes then, a 3 year period (_a complete cycle) should be
treated as a single observation, and multiblc 3 year periods—i.c., a minimum of 6 years-must be
observed to calculate a meaningful average productivity measure with any degree of precision.

This requirement, coupled with the need to average out the effects of a single
company’s erratic changes in TFP, require that a large sample of the telecommunications industry
is reviewed over a long period of time. Figure B.8 shows annual and five and ten year averages
of telecommunications TFP growth. Finally, it is only the difference between national and
industry TFP growth that matters for the productivity target in the price cap formula. Figure B.9
shows considerable variation in annual productivity differences, ranging from +6.6 to -5.4
pereent per year., The differences in the ten-year moving average are much less extreme ranging
{from a maximum of +3.5 and a minimum of 0.5 percent.

The picrure in Figure B.9 also shows clearly that the long-run productivity differential
between the U.S. telephone industry and U.S. private business averages about 2 percent per year.
We obsenved this same fact earlier in Figure B.5, where we noted that the difference betwezn the
annual ratec of growth of GNP-Pl and the CPI-I.J total telephone price index was 1.7 percent.?

This samec differential (approximately 2 percent) has been observed by most students of

telecommunications productivity; possibly its strongest statement was provided by the FCC staff

' Thus anneal growth in TFP riscs and falls more rapidly than annval growth in GNP, averaging about 3 ycars between
peaks of between troughs. J. W, Kendrick, Long Term Economic Growth 1860-1970 (Washington D.C.: U.S. Bureau

of the Census, June 1973).

*An important duality principle in the cconomic theory of production assurcs us that we can usc relalive growth raies
of input and output prices or quantitics to estimatc relative growth rtes in TFP. Scc, for example, D, W. Jorgenson,
“The Embodiment Hypothesis,” The Journal of Political Economy (February 1966), pp. 1-172.
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in the federal price cap docket where they noted a constant productivity differential (using output
prices) of between 1.7 and 2 percent over the 1929-1989 period.?

These results sﬁggcst that the price cap would be too volatile to be practical, if the
productivity target were adjusted every year based on annual productivity growth. Moreover, if
a company's own productivity growth were used to establish the productivity target, the incentive
basis of the price cap formula would degenerate. A plan in which a company's TFP growth this
ycar determines its price growth next year would be perilously close to ordinary rate of return
regulation based on an historic test year. To obtain the full benefit of incentives to increase

productivity growth and achieve the highest possible dynamic efficiency, the productivity target

must be fixed (i.e., constant over time), so that the firm will treat it as independent of any of its

actions.

M

Qur historical TFP differential is consistent with the productivity target used by the
FCC in its price cap plan for local cxchange carrier interstate services. The FCC has
implemented a productivity offset of 3 percent in its price regulation plan for AT&T and 3.3

percent for its price regulation plan for the interstate access services of the LECs. (A LEC may

! Supplemental Notice of Proposed Rulemaking, CC Docket 87-313 (rclcased harch 12, 19%0), Appendix D, “Total
Telephone Productivity in the Prc and Post Divestiture Periods,” by T. C. Spavins and J. M. Landc; and Second

Repert and Qrder, CC Docket 87-313 (released October 4, 1990), Appendix D, “The Long Term View of the
Appropriate Productivity Factor for Interstate Exchange Access,” by T. C. Spavins.

nena
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select a productivity offset of 4.3 percent in exchange for a more f'avorablc sharing proportion for
earnings above 12.25 percent.) The FCC's adoption of 3 percent as a productivity offset for
AT&T derives primarily from its analysis of AT&T's post-divestiture output prices (Further
Notice of Proposed Rulemaking, CC Docket 87-313, released May 23, 1988, Appendix C), in
which AT&T's MTS prices were shown to have grown approximately 2.48 percent more slowly
than the GNP-PI over the post-divestiture period. An explicit "consumer productivity dividend”
of 0.5 percent was added 1o the historical AT&T productivity differential to insure that ratepayers

benefitted from the regulatory change.

The productivity offset of 3.3 percent for LECs in the price cap plan reflects several
factors which do not apply to intrastate service. First, interstate demand is almost entirely driven
by toll traffic and growth in interstate toll traffic, stimulated by lower toll rates, is significantly
greater than the growth of intrastate toll or local service. Sccond, the 3.3 percent offset is specific
to the LEC price cap plan, and its value is very sensitive to details such as the treatment of
common line demand in the price cap formula. Finally, Appendix D to the Second Report and
Order in CC Docket 87-313 showed that a long .run productivity differential for the total industry
of 1.7 10 2.0 percent would imply an interstate productivity differential of 2.1 to 2.6 percent and
an associated intrastate productivity differential of 1.57 to 1.81 percent: T. C. Spavins, "The Long

Term View of the Aﬁproprialc Productivity Factor for Interstate Exchange Access,” pp. 9-10.

ro..
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F. Conclusion

Based on this review of twenty direct and indirect productivity studies, ii is clear that
on average, telecommunications total factor productivity grows approximately 2 percent more
quickly than productivity for U.S. industry as a whole. This conclusion is conﬁnﬁcd over every
time period tested from the tecent and relatively short time period covered by the latest
Christensen direct study of TFP to the longest time period considered, 1929-1993, in an indirect
study. Based on these historical comparisons of TFP growth between the telecommunications
industry and the U.S. as a whole, the productivity differential for a price cap formula has thus
averaged about 2 percent. That is, if telephone industry prices had grown at approximately 2

percentage points more slowly than the overall rate of inflation, then telephone prices would have

been growing at about the same rate as telephone costs.

nena

-~ .




Exhibit B
Page 12 0f23

% William E. Taylor
December 13,1994 -
Table B.1 .
Total Factor Productivity Growth
PERIOD GROWTH RATE
US INDUSTRY
BLS: 1948-1992 1.3%
APC: 1948-1987 1.7%
JGF: 1948-1979 0.8%
LRC(2): 1952-1987 1.2%
COMMUNICATIONS
INDUSTRY
»/\ APC: 1948-1987 4.0%
AT&T: 1947-79 3.2%
LRC(1):1947-1979 3.2%
LRC(2): 1951-1987 3.2%
RWC: 1960-1987 3.4%
JGF: 1948-1979 2.9%
LRC(3): 1984-1992 2.6%
(1) BLS: Burcau of Labor Suatistics, Multiproduct TFP Growth, U.S. Private Business.
) APC: American Productivity Center, Multiproduet TFP Growah, U.S. Privaic Business, Comwnunications
Industry. .
(3) JGF: Dale W, Jorgenson, F. M. Gollup, and B M, Fraumeni, Productivity and U.S, Economic Growth
{Cambridge: Harvard University Press, 1987). ’
() LRC{1): L. R. Christensen, Testimony filed in United States v, AT&T. Civ. Action No. 74-1698 (D.D.C. filed
November 20, 1974).
(5) AT&T: Bell System Productivity Study: 1947-1979 (September, 1980).
(6) LRCQ): L. R, Christensen, “Towl Productivity Growth in the U.S. Tclccommunications Industry and the U.S.
Economy: 1951-1987, filed in North Dakota Public Service Commission Case No, PU-2320-90-149 {Ociober
e 1, 1990).
{7} RWC: R. W. Crandall and J. Galst, “Productivity Growth in the U.S, Tclccommunications Sector: The Impact
of the AT&T Divestiture,” The Brookings Institution (July, 1990).
(8) LRC{3): L. R. Christensen, Philip E. Schocch, and Mark Mcitzen, “Productivity of The Local Operaling

Tclephone Companics Subject 1o Price Cap Regulation™ Filed as Attachment 6 behalf of USTA in CC Docket
94-1 (May 3, 1994),
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Table B.2
TFP Differential
U.S. Industry and Telecommunications
GROWTH RATE
DIFFERENTIAL
1947-76: Nadiri-Schankerman " 2.1%
19048-79: JGF 2.1%
1948-79: LRC(1) 1.6%
1948-79: AT&T ¥ 2.0%
1948-87: APC 2.3%
1951-87: LRC(2) - 1.9%
1960-87: RWC 2.2%
1963-91: DRI 2.8%
1984-1992: LRC(3) 2.3% ]

)

Q)

)

)

{5}

(6)

M. L. Nadiri and M. Schankerman, “The Structure of Production, Technological Change, and the Rate of
Growth of Total Factor Productivity in the U.S, Bell System,” in Productivity Mcasurement in Regulate
Industries, T. Cowing and R. Stevenson, eds. (New York: Academic Press, 1981). :

D. W, Jorgenson, “Productivity and Postwar U.S. Economic Growth,™ The Journal of Economic Perspectives
(Fali, 1988), citing D. W, Jorgenson, F. M. Gollup, and B. M. Fraumcni, Productivity and U.S. Ecoromic

Growth (Cambridge: Harvard University Press, 1987).

L. R. Christensen, Testimony filed in United Stafes v, AT&T. Civ. Action No, 74-1698 (D.D.C. filed
November 20. 1974) comparing unpublished estimates of national TFP growth with cited Bell System

produclivity growth eslimates.

AT&T: Bell System Productivity Study: 1947-1979 (Scptember, 1980), comparing unpublished estimaices of

national TFP growth with cited Bell System productivity growth estimates.

DRI/McGraw-Hill, Penncylvania Telecommunications Infractructure Study, Volume V (March 1993).

LRC(3): L. R, Chrisicnsen, Philip E. Sthocch, and Mark Mcitzen, ~Productivity of the Local Operating
Telephone Companics Subject 1o Price Cap Regulation,” fifed as Attachment 6 on behall of USTA in CC

Ducket 94-1 (May 3, 1994).
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Table B3
Productivity Differentials
Based on Output Price Changes

CPI-U- CPI-TELEPHONE AVERAGE ANNUAL GROWTH
1935-1985 195%
1975-1985 () 2.64%
1937-1987 @ 1.8%
1977-1987 @ 2.0%
1942-1993 2.0%
1982-1993 1.5%
1959-1993 © 2.4%
1929.1993 1.6%
19461993 © 1.8%
GNP-PI- CPI-TELEPHONE

1959.1993 19 1.7%
1982-1993 © 1.5%

m

@

&)

18]

8)]

(6)

J. L. Lande and P, L. Wynns, “Primer and Sourccbook on Telephone Price Indexcs and Rate Levels,” Industry
Analysis Division, Common Carrier Burzau, Federal Communications Commission (Aprit, 1987).

*Trends in Telephone Serviee,” Industry Analysis Division, Common Carricr Bureau, Federal Communications

Commission (August J, 1988).

This period, for comparison purposes, maiches the period for the first GNP-PJ differential below,

Dau from FCC. Supplemental Notice of Proposed Rylemakine, CC Docket 87-313 (March 12, 1990), Appendix

D: T. Spavins and J. Lande, “Tolal Telephone Productivity in the Pre and Post-Divestiture Periods,” updaicd
through 1993, The origina! study found diffcrentials of 1,7% for 1529-198% and 2.0% for 1946-1989,

The longest period for which GNP-PI data is availablc.

Comparc with CPI-U number over the same period above,

~ X ...
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Figure B.1
US. TFP 10 Year Moving Average
Generally Varies Between 1 and 3 Percent
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Figure B.2
Telecommunications TFP 10 Year Moving Average
Generally Varies Between 2 and 5 Percent
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Figure B3
Telecom TFP 10 Year Moving Average Minus
U.S. TFP 10 Year Moving Average Varies Befween 1 and 3 Percent
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Figure B4

Long Run Annual Productivity Offset
CPI-U All Commodities - CPI-U Total Telephone
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Figure B.5
Long Run Productivity Offset
GNP-PI - CPI-U Total Telephone

10%

8% -
i 10 YEAR AVG

6%

I AN N
2% e Lo,
e\

ooz L
2% AVG =1.7%
-4%, |-

-
-
-
-
*u

i

LIPS S

PSS WY S S

0 ! PRV SR

Yo — :
1560 1864 1968 1972 1976 1880 1884 1988 1592

Coaraliing Etaneming




Exhibit B
Page 20 of 23
William E. Taylor
December 13, 1994

Figure B.6
Long Run Productivity Offscts
for Local Telephone Companies
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Figure B.7
U.S. Privale Business TFP Growth
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Telecommunications Industry TFP Growth
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Figure B.9
DifTerences in Annual TFP Growth
Telecommunications - US. Priva{e Business

8%
6%
4% |
2%
0% |
2%

-4% i

M BV

FEETEETSNE TS JETTIT S SA S TR U

LIPS ST S SO S S ! 1 PREPIES S
o1952 1957 1962 1867 1872 1977 1982 1987 1992

o

L PR Ny



Attachment A
DOCUMENT OFF-LINE
This page has been substituted for one of the following:

o An oversize page or document (such as a map) which was too
large to be scanned into the ECFS system.

o Microfilm, microform, certain photographs or videotape.

® Other materials which, for one reason or another, could
not be scanned into the ECFS system.

The actual document, page(s) or materials may be reviewed by
contacting an Information Technician. Please note the applicable
docket or rulemaking number, document type and any other relevant
information about the document in order to ensure speedy retrieval by
the Information Technician.

ja@ M&e %(’/




